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Abstract 
BLAST Atlas is a visual analysis system for comparative genomics which supports genome-wide gene 
characterisation, functional assignment and function-based browsing of one or more chromosomes. Inspired by 
applications such as the WorldWide Telescope, Bing Maps 3D and Google Earth, BLAST Atlas uses novel 
three-dimensional gene and function views that provide a highly interactive and intuitive way for scientists to 
navigate, query and compare gene annotations. The system can be used for gene identification and functional 
assignment or as a function-based multiple genome comparison tool which complements existing position based 
comparison and alignment viewers. 
Introduction 
The identification of biological sequence similarity remains a central task in comparative 
genomics, where the genomes of two or more organisms are analysed side-by-side in a search for 
traces of biologically significant evolutionary events. Of the sequence alignment and similarity search 
programs available for this task, BLAST [1], provided by the National Center for Biotechnology 
Information (NCBI), is probably the most widely used. Using BLAST, it is possible to perform large-
scale sequence similarity surveys over input data sets containing protein sequences from multiple 
genomes, producing cross-species comparison datasets which can then be mined for data on which 
biological inferences may be based, as has been done for example with the COG system [2]. BLAST 
result collections produced by this process are much too large for manual inspection and so far little 
has been done to provide tools that end-user scientists can use to query, navigate or process the 
contents of these collections. 
The BLAST Atlas is designed to address the issue of visual navigation and analysis of large-
scale BLAST result datasets. It builds on our earlier systems, notably SilverMap and the SilverMap 
BLAST Explorer [3], extending the visualisation model to produce a flexible, interactive, multi-
resolution map-like navigation experience. The system introduces a novel three-dimensional viewer in 
which icons representing members of a collection of objects (genes, clusters of genes, or functional 
groups of genes) are laid out so that the inherent topology of the collection is preserved as far as 
possible. Pairwise object similarity guides the placement of icons in the display: if two objects are 
very similar then their icons will be located close together in the display, while icons are placed 
further apart if the corresponding objects are less similar. The user is able to pan, rotate and zoom the 
display to bring objects of interest to the foreground and to explore relationships among collections of 
objects. Figure 1 illustrates the kind of detailed comparative analysis facilitated by BLAST Atlas. 
Implementation Overview 
BLAST Atlas is implemented as a Windows
®
 program making use of the 3D capabilities 
provided by the Windows Presentation Framework (WPF) [5]. The system is built on a foundation of 
pre-computed data – reference gene information, functional assignment and mutual BLAST similarity 
values obtained from the COG database [2] – which is stored in a SQL Server 2008 database. Mutual 
BLAST similarity measures from the database undergo logarithmic transformation and normalisation, 
after which they are processed via Sammon’s projection [4] to determine the on-screen layout of 
reference genes, gene clusters and functional groups. Gene identity, function and other annotations are 
available for display and can be used to filter and refine the view. 
Analysis of a set of query genes involves two dynamically executed BLAST runs. The first of 
these generates similarity measures between each query gene and reference genes from the database. 
Optionally, an additional BLAST run can be executed to obtain mutual similarity measures between 
query genes. This data is used to position query genes in the 3D viewing space adjacent to relevant 
comparison objects from the database. 
Comparative genomic analysis can be performed at three levels of detail in BLAST Atlas. At 
the highest level of detail, reference genes from the database are projected into a 3D viewing space, 
producing layouts resembling those of Figure 1. Query genes are then positioned in the viewing space 
relative to the reference genes and to each other. Zooming out from the detailed gene view yields an 
intermediate level of detail in which reference genes merge to form clusters, each of which has a 
specific function, and query genes are positioned with respect to these clusters. Zooming out once 
again yields the function-level view, in which query genes are distributed in relation to icons that 
represent the broad functional group to which they are most likely to belong. Analysis at the function 
level permits whole-genome functional analysis and profiling, a capability neglected by the current 
crop of genome analysis tools.  
Applications 
BLAST Atlas supports two important use cases in comparative genomics. The first, gene 
function assignment, involves identification and classification of genes. Given a putative gene 
identified by a gene finder such as GLIMMER [6], a BLAST query is executed to locate similar 
reference genes. If matches of suitable quality are found then an identity and function may be inferred 
for the putative gene based on those of the best BLAST hits. Such an inference is speculative and 
extensive cross-correlation is required before it can be confirmed. BLAST Atlas supports this process 
by allowing the user to examine putative genes in a context containing all available matches. The 
process scales smoothly from the level of individual genes to the whole genome, with support for 
textual filtering as well as visual indexing by function, making it easy to navigate the collection.  
BLAST Atlas can also be used as a multiple genome comparison tool that complements more 
traditional position-based multiple alignment and synteny programs. In this mode, query genes drawn 
from two or more organisms are differentiated by distinct icons which indicate their respective origin. 
BLAST Atlas provides a function-based indexing skeleton that can be used to identify divergent 
functional profiles and the conservation or otherwise of gene sets.  
Ongoing Work 
The prototype BLAST Atlas is scheduled for public release in October 2010. A number of 
ongoing initiatives are in place or planned for the application. Several years have elapsed since the 
last update to the COG database, so it is appropriate to look at extending the COG classification to 
include more genomes. Support will be provided to allow end users to extend, customise or replace 
the reference database and classification system. Work is underway to enable interoperation with 
Microsoft Excel and a Silverlight [7] port is under development. 
 Figure 1 Rotated views of a cluster of orthologous genes (COG0477 from the bacterial COG collection) 
which consists of 1537 highly similar genes with specific functional annotation “Permeases of the major 
facilitator superfamily”. Members of the cluster appear in all but one of the genomes comprising the COG 
dataset. The presence of several clearly visible distinct gene families within the cluster, a pattern that is 
extremely hard to detect in normal BLAST analysis, highlights the utility of the BLAST Atlas.      
References 
1. S. F. Altschul, W. Gish, W. Miller, E. Myers and D. Lipman. A basic local alignment search tool. J. 
Mol. Biol., 1990, 215, pp. 403-410. 
2. Tatusov RL, Darren A. Natale DA, Tatusova TA, Shankavaram UT, Rao SB, Kiryutin B, Garkavtsev 
IV, Galperin MY, Fedorova NV, Koonin EV. COG database: new developments in phylogenetic 
classification of proteins from complete genomes. Nucleic Acids Res, 2001, 29: pp. 22-28. 
3. Microsoft QUT e-Research Centre, http://www.mquter.qut.edu.au, accessed 28 May 2010. 
4. Sammon, J. W. A non-linear mapping for data structure analysis. IEEE Trans Comp 1969, C-18, 401-
409. 
5. Windows Presentation Foundation, http://windowsclient.net/, accessed 28 May 2009. 
6. Delcher AL, Harmon D, Kasif S, White O, Salzberg SL. Improved microbial gene identification with 
GLIMMER. Nucleic Acids Res, 1990, 27:23, pp. 4636-4641. 
7. Microsoft Silverlight. Available from http://silverlight.net/, accessed 28 May 2010. 
 
 
